The Yishu Fault Zone runs through the centre of Shandong Province (E China); it is a deep-seated large fault system that still is active. Two volcanic faulted basins (the Shanwang and Linqu Basins) in the Linqu area, west of the fault zone, are exposed to rifting, which process is accompanied by a series of tectonic and volcanic earthquakes with a magnitude of 5-8. Lacustrine sediments in the basins were affected by these earthquakes so that seismites with a variety of softsediment deformation structures originated. The seismites form part of the Shanwang Formation of the Linqu Group. Semi-consolidated fluvial conglomerates became deformed in a brittle way; these seismites are present at the base of the Yaoshan Formation. Intense earthquakes triggered by volcanic activity left their traces in the form of seismic volcanic rocks associated with liquefied-sand veins in the basalt/sand intercalations at the base of the Yaoshan Formation. These palaeo-earthquake records are dated around 14-10 Ma; they are responses to the intense tectonic extension and the basin rifting in this area and even the activity of the Yishu Fault Zone in the Himalayan tectonic cycle.
Introduction
Seismites are sediments that were affected by an earthquake when they were still incompletely consolidated, so that soft-sediment deformation structures (SSDS) were formed in them (Qiao et al., 1994; Du & Han, 2000; Tian et al., 2003; Van Loon, 2014a, this issue) . Both plastically deformed seismites with SSDS and seismites that underwent brittle deformation are known, with the former category dominating. Geological research on seismites has been pursued since the definition was first introduced by Seilacher (1969) . Studies by Plaziat et al. (1990) , Purser et al. (1993) , Rodríguez-Pascua et al. (2000) , Goffredo et al. (2002) , Wheeler (2002) , Moretti et al. (2002) , Montenat et al. (2007) , Van Loon (2009), , and Van Loon & Mazumder (2013) dealt with the formation conditions, principles, identification criteria, judgement standards, classification, and typical examples of seismites and their SSDS. In China, research by Qiao et al. (1994 Qiao et al. ( , 2001 Qiao et al. ( , 2006 Qiao et al. ( , 2013 , Liang et al. (1994) , Du & Han (2000) , Du et al. (2001 Du et al. ( , 2007 , Qiao & Li (2009) , Van Loon & Su (2013) and Van Loon (2014b) on the formation, classification, and identification of seismites have played a leading and driving role in seismite research. Guo et al. (2002) were the first to use the term 'seismic volcanic rock' when investigating the Early Cambrian earthquakes in Luonan, China, for volcanic rocks affected by volcanism-induced earthquakes. Tian et al. (2007) identified seismic volcanic rocks in the Lower Cretaceous of the Yishu Fault Zone. From field profiling and laboratory analysis, we succeeded in distinguishing seismites and seismic volcanic rocks in the Shanwang and Yaoshan Formations of the Neogene Linqu Group in the Linqu area of Shandong Province for the first time. These rocks record palaeo-earthquakes that are responses to the intense tectonic extension and rifting of the Yishu Fault Zone and the faulted basins in its vicinity.
Geological setting
The Linqu area of Shandong Province lies west of the Yishu Fault Zone (Fig. 1) . The 20-80 km wide, NNE-SSW striking Yishu Fault Zone, composed of four main faults, makes up the middle segment of the Tanlu Fault Zone. The Tanlu Fault Zone is a translithospheric deep and large fault system in eastern China that has frequently resulted in intense tectonic and seismic activity since the Neoproterozoic (Zhang et al., 1978; Qiao et al., 2001) . Intense seismic processes in the Yishu Fault Zone occurred frequently during many geological intervals from the Neoproterozoic to the Cenozoic, giving rise to seismites and seismic volcanic rocks both inside this zone and in the syndepositional basins on its sides. Qiao et al. (1994) first discovered and examined Sinian seismites of a liquefied carbonate succession. Later, Chen et al. (2003) , Tian et al. (2003 Tian et al. ( , 2005 Tian et al. ( , 2006 Tian et al. ( , 2013 , Yuan (2004) , Yin & Yang (2005) , Lü et al. (2011 ), He et al. (2011 , 2012 and Wang et al. (2013) studied seismites of different ages inside this fault zone and in the nearby basins.
Two minor volcanic faulted basins, the Linqu and Shanwang Basins, are present in the study area (Fig.  2) . The former lies near the county town of Linqu, and the latter in the Shanwang National Geopark, east of this town. The faulted basins are the result of intense Mesozoic-Cenozoic tectonic extension and rifting; the development of these basins was closely related in time with the nearby NE-SW and NW-SE trending faults in the Yishu Fault Zone (Wan, 1992 (Wan, , 1993 Zhang et al., 2004) . In the areas where volcanic rocks are present, fault-bound central edifices (volcanic craters and volcanic cones) occur that are the products of fissure effusion and fault-related central-vent eruptions . The massive urban expansion and road construction in the county during recent years has exposed a large amount of bedrock in the Linqu Basin, creating favourable conditions for the present study.
The study area is located in the western part of Shandong Province. The basement of the basins consists of Early Cretaceous volcanic rocks, Mesoproterozoic adamellite masses and Cambrian carbonatite formations. The Cenozoic rocks in this basin include the Palaeogene Wutu Group, the Neogene Linqu Group, and Quaternary (Pleistocene and Holocene) deposits. The Wutu Group consists of fluvial and lacustrine clastic rocks, partly fine-grained mudstones. The Linqu Group is divided, from bottom to top, into the Niushan, Shanwang, and Yaoshan Formations (Zhang & Liu, 1996; Song & Wang, 2003) . Figure 3 shows the thicknesses and lithological variations of the Linqu Group formations.
The Niushan Formation consists of basalts with alluvial clastic rocks at the base. Several basalts have K-Ar ages in the range 16.15-19.76 Ma, with an average of 18 Ma (Zhang & Liu, 1996) , thus dating the formation as early Miocene.
The Shanwang Formation consists primarily of lacustrine sediments and is thicker in the East than in the West. Fluvial clastic rocks are present at the base and top of this formation. Laminated diatomites intercalated with clastic rocks containing phosphorite nodules form the mid-lower part. The upper part contains basalts intercalated with sandstones and mudstones (Zhang & Liu, 1996) . The Shanwang biotas typically occur in the laminated diatomites intercalated with clastic rocks. From the South 2nd Loop Road to Taojia Village, the diatomite and basalt become thinner, while the mudstones and sandstones become thicker. Sandy limestone and calcareous deposits (earthy chalk ore) are also present (Jing et al., 2004) . In the Niushan area, this formation is at its thinnest and consists of mudstones and sandstones intercalated with diatomites. As the average K-Ar age of the basalt intercalations is 13 Ma (Zhang & Liu, 1996) , the Shanwang Formation was formed in the Middle Miocene.
The Yaoshan Formation is principally composed of basalts, with conglomerates, thick tuffaceous sandstones intercalated with thin siltstones and mudstones at the base, and irregular silty fine sandstone intercalations in the centre. The formation thickens from the West to the East. The K-Ar age of the basalt is 5.94-11.40 Ma, with an average of 8.78 Ma (Chen & Peng, 1985) . This formation thus formed in the Late Miocene.
Seismites
The conditions under which the seismites under study developed, are consistent with the criteria for seismically triggered soft-sediment deformation structures (SSDS) (cf. Goffredo et al., 2002; Wheeler, 2002; : (1) seismites are developed in sedimentary basins in tectonically active regions or strong seismic zones; (2) soft lacustrine sediments are susceptible to liquefaction-induced deformation and thixotropic deformation resulting from the seismic shock waves produced by strong earthquakes (see also Üner, 2014, this issue) ; (3) these SSDS occur over large distances in specific sedimentary levels; (4) steep slopes preferably do not exist in the basin and most SSDS are associated with syn-deformational faults. Therefore, they must be interpreted as synsedimentary earthquake-induced (= seismogenic) soft-sediment deformation structures; it should be kept in mind, however, that the various attempts to establish 'diagnostic' criteria for the recognition of seismites should be handled with utmost care (Moretti & Van Loon, 2014 ). Further it is should be mentioned here that not all shock waves that may trigger the formation of SSDS are faulting-related: volcanic activity can also trigger the formation of SSDS. In the following, examples of both types in the study area are described and interpreted.
Seismites with SSDS triggered by earthquakes
Various types of earthquake-induced SSDS formed as a result of plastic deformation, liquefaction and/or fluidisation have been found in the study area (see also Van Loon & Pisarska-Jamroży, 2014) . These comprise (1) load, ball-and-pillow and flame structures, (2) pillow structures dominating specific beds, (3) slump folds, (4) boudinage structures, (5) syn-deformational faults, and (6) sedimentary dikes and veins. 3.1.1. Load, ball-and-pillow, and flame structures 3.1.1.1. Description Load, ball-and-pillow, and flame structures (Figs 3, 4B,E, 5A,B) are present in the Shanwang and Linqu Basins and often make up associations of SSDS ( Fig. 5E -2). In Figure 4B , the load cast on the right-hand side has been broken into fault blocks. The parent rocks of the load casts and ball-and-pillow structures are mostly sandstones, pebbly sandstones, and sandy conglomerates; these SSDS have sizes typically in the range of 10-80 cm.
Flame structures are composed of fine sandstone, siltstone, argillaceous siltstone and mudstone; they tend to have a wider lower part and a narrower upper part, and they commonly have a length of 5-50 cm. 3.1.1.2. Interpretation Load structures are, as a rule, products of sediments that have a higher density than the sediments below them (e.g. sand on silt). Such reversed density gradients may, under the influence of seismic vibrations or gravity, result in sinking of the denser sediments into the lighter sediments, forming a bulb-like or synclinal structure, while the underlying lowdensity sediments intrude upwards between Legend: 1: load and ball-and-pillow structures; 2: seismogenic (intra-layer) slump fold; 3: flame structure; 4: dike of liquefied sand;5: pillow bed; 6: boudinage structure; 7: brittle seismite; 8: seismic volcanic rock (basaltic shattered rocks and breccias) with sand veins; 9: syn-deformational fault (fault-graded); 10: liquefied-sand vein; 11: seismically active episode; 12: basalt; 13: conglomerate and sandy conglomerate; 14: sandstone and tuffaceous sandstone; 15: mudstone and sandy mudstone; 16: shale and carbonaceous shale; 17: laminated diatomite; 18: earthy chalk ore (calcareous deposit); 19: sandy limestone; 20: compressed basalt layer and its thickness (m); 21: unconformable contact; 22: characteristic fossils of the Shanwang biota (from the Shanwang Geopark Museum).
the bulbs in a liquefied or thixotropic state, thus forming flame structures between the load casts.
The lower parts of the load casts, if subjected to vibration (for instance by seismic shock waves), may lose the contact with their parent layer, thus giving rise to balls or ellipsoids; these are called pseudonodules or, if both the originally upper and lower layers involved are sandy, ball-and-pillow Ball-and-pillow structures (arrow); C: Boudinage structures which include pinchand-swell and disconnected boudinages, and syn-deformational faults; D: Dike of liquefied sandy lime-mud (now limestone), from the base of which rock thin sections were studied (Fig. 4G) ; E: A selection of the deformation structures: syn-deformational fault; association of load, ball-and-pillow, and flame structures; dike of liquefied sandy mud (now limestone), from the top of which thin sections were studied (Fig. 4H) ; a pinch-and-swell & b disconnected boudinage structures; F: syn-deformational fault; ball-and-pillow structure; lime-mud (now limestone) dike; G: Photomicrograph of a thin section from the basal part of the dike consisting of liquefied lime-mud in Figure 4D (plane-polarised light, x40), which consists of calcite (75-80%), quartz (20-25%) and limonite (1%). In Figures 5G and 5H, the arrows point to tips of angular sand grains along the long axis, displaying the flow direction of the sand grains; H: Photomicrograph of a thin section from the top part of the dike consisting of liquefied lime-mud in Fig. 4E (plane-polarised light, x40), which consists of calcite (90-95%), quartz (5-10%) and traces of limonite.
structures (Moretti et al., 2002; Qiao & Li, 2008 , 2009 Tian et al., 2013 Fig. 4C ). The folds in the layer with many small overturned folds and recumbent folds do not affect the over-and underlying layers. Although the sizes and the dip angle of the axial planes of these folds differ, the dip directions of the axial planes are the same (i.e. NNE), which indicates that they were formed by SSW to NNE movement.
Interpretation
The folds are typically slump folds (see also Perucca et al., 2014, this issue) . They are associated with syn-deformational faults (Fig.  4) which implies that these soft-sediment folds are of seismic origin since syn-deformational faulting is (also called 'fault grading') is a seismogenic deformation structure, as detailed by Seilacher (1969) . The characteristics of the folds are consistent with those of seismogenic slump folds or slump sheets induced by earthquakes in unconsolidated laminated sediments, as explained in numerous studies (e.g. Plaziat et al., 1990; Purser et al., 1993; Montenat, 2007; Van Loon, 2009; Su et al., 2013) . The gentle character of the slope at the basin edge in the study area is due to slumping of soft diatomites under influence of seismic shocks in combination with gravity. N-trending shear slip surface may have developed first at the base of a soft diatomite layer, after which slumping could take place. After an earthquake, a new diatomite layer accumulated on top of the slump folds, thus producing an uncomformable contact (a seismo-disconformity) (Liang et al., 1994) .
3.1.4. Boudinage structures 3.1.4.1. Description Boudinage structures (Figs 3, 5C, 5E-4) are present in the lower part of the Shanwang Formation in the Linqu Basin. They are mostly sandstone boudinages which occur as two types: pinch-and-swell structures (Fig. 5E-4-a) and disconnected boudinage structures (Fig. 5E-4-b) .
The pinch-and-swell structures are 1.0-5.0 m long. The disconnected boudinages are strip-shaped and lenticular with a length of 0.2-1.0 m; they occur in specific levels. The over-and underlying rocks of the layer with the boudinage structure consist of sandy mudstone and fine argillaceous siltstone. It is obvious that the original sediments were finegrained (mud and mud-containing siltstone) intercalated between coarse-grained sedimentary deposits (sand).
Remarks
From rock and soil mechanics as well as from simulation experiments (Wu et al., 2005) , it is known that fine-grained sedimentary deposits are more plastic, whereas coarse-grained sediments are relatively rigid. Their mechanical properties differ significantly (e.g., Chen et al., 2013) . The boudinage structures developed because, under vertical non-uniform extrusion and horizontal extensional seismic forces, the finegrained sediments flowed plastically and produced shear stresses on top of the sand layer, which then pinched and swelled non-uniformly but remained unbroken, thus forming pinch-and-swell structures. When a pinch-and-swell structure was broken, a disconnected boudinage structure was created. Sand layers with a lower moisture content and a higher rigidity could be broken by shorter syndeformational faults and thus become mutually disconnected more or less rectangular boudinage structures.
3.1.5. Syn-deformational faults 3.1.5.1. Description Syn-deformational faults tend to be associated with a wide range of other seismogenic deformation structures (Figs 3, 4B-D, 5C,E); they are found in the Shanwang Formation of the Linqu and Shanwang Basins. Being characterised by small sizes and a widespread distribution, these faults are mostly 0.3-2.5 m long, with a maximum 1: Lower part of a conglomerate; this lower part was already in a consolidated state when an earthquake took place, but due to its consolidated state it was hardly affected by the earthquake; 2: Middle part of a conglomerate that was in a semi-consolidated state when it was affected by an earthquake. The seismic shock resulted in fragmentation of the conglomerate, thus forming a seismogenic breccia; 3: After the earthquake, a sandstone layer deposited on top of the seismogenic breccia via a sedimentary unconformity. The rocks have undergone intense weathering during the Quaternary. length of approx. 5 m (Fig. 5E) , and their faultthrows are quite limited (only 0.5-50 cm). 3.1.5.2. Remarks Syn-deformational faults are intralayer faults resulting from the adjustment of disturbed sediments immediately following an earthquake (Qiao et al., 1994) . They are commonly associated with seismites, as first recognised by Seilacher (1969) , who mentioned beds with this feature 'fault-graded beds', a term that has become obsolete now. Earthquake-triggered SSDS are always accompanied by syn-deformational faults according to some workers (Wheeler, 2002; Du et al., 2008; Tian et al., 2011) . Inside the basalt and fine-sandstone intercalations in the middle part of the Yaoshan Formation of the Linqu Basin (Fig. 7A) , buff, liquefied, finesand veins (Fig. 7B-E) fill the fissures in the seismic volcanic rocks. The veins generally are 1-6 cm wide and 10-40 cm long. 3.1.6.2. Remarks The conditions and mechanisms underlying the formation of liquefied fine sand veins and seismic volcanic rocks are discussed in Section 4 (see also He et al., 2014, this issue) . Dikes and veins consisting of material that intruded in a liquefied or fluidised state are water-escape structures on various scales resulting from the water-saturated sediments that became affected by seismic vibration, which allowed water to escape along zones of weakness (commonly cracks or micro-fissures) in the adjacent rock (see also Valente et al., 2014, this issue) . Such structures are present in many seismic-event strata in the Yishu Fault Zone and its vicinity (Qiao et al., 1994; Tian et al., 2003 Tian et al., , 2005 Chen et al., 2003; Yuan, 2004; Yin & Yang, 2005; He et al., 2011; Tian et al., 2013) .
Brittle seismites
A 1.1-1.3 m-thick intralayer breccia (Fig. 6 , layer 2) occurs at the base of Yaoshan Formation; it is exposed in the Xiaohuang Hill -Niu Hill district of the Linqu Basin (Fig. 2) . The brecciation points at brittle deformation (see also Sarkar et al., 2014 , this issue).
Description
The left half of the layer described here (Fig. 6 , layer 2) consists mainly of shattered rock fragments containing clasts of over 10 cm in size; the clasts have angles that point at cracks. The right half of the layer consists mainly of breccias with small clasts (< 5 cm), the majority of which are without any signs of cracks. As a result of intense weathering during the Quaternary, some clasts with sharp angles in the breccias have become split into finer fragments. The brittle deformed bed shows a gradual transition into the underlying conglomerate bed but the contact is a seismic disconformity (Liang et al., 1994) . The undeformed overlying sandstone results from post-earthquake deposition.
Remarks
The genesis of the brittle deformed layer is explained in Fig. 6 1-3 . The original rock was a semi-consolidated conglomerate which, under the influence of seismic shocks, had its original bedding destroyed: it was fractured to form shattered rock fragments with clasts indicating fracturing. Some of the conglomerate was broken into fragments without forming seismogenic breccias; they underwent minor slip displacement under the influence of gravity after they had originated. The cracked nature is diagnostic for shattered rocks and seismogenic breccias (Qiao et al., 2006; Tian et al., 2006; Su & Sun, 2011) . In Middle Ordovician formations in the vicinity of the studied area that were affected by earthquakes (Tian et al., 2006) , some brittle seismites are also present.
Seismic volcanic rocks

Description
In the Xiaohuang Hill -Niu Hill district of the Linqu Basin as well as in the Yao Hill of the Shanwang Basin (Fig. 2) , seismic volcanic rocks associated with liquefied-sand veins occur in medium to thick basalts with intercalations of silty fine sandstones over their total thickness of 5.5-6.0 m in the lower part of the Yaoshan Formation (Figs 3 and 7) .
The present contribution focuses, however, on the seismic volcanic rocks of the Linqu Basin, which include shattered basalts and basaltic seismogenic breccias (Fig. 7B-E) . Shattered basalts are composed of cracked angular basalt clasts (of 20-40 cm large), far away from the volcanic crater of Niu Hill. Fissures among the basalt blocks are filled by liquefied-sand veins. Basaltic seismogenic breccias occur all around the crater of Niu Hill; they consist of angular and sub-angular basaltic fragments (1-8 cm), without cracks and with rare sand veins.
Interpretation and remarks
Intense earthquakes caused the underwater basalt to break and become fractured, partly forming a basaltic shatter breccia. At the same time, liquefied silty fine sand intruded along seismically-induced fissures between shattered basalt fragments, giving rise to reticular liquefied-sand veins (Figs 7B, C) . The seismogenic phenomena shown in Figure 7A -C are 2.5 km, 1.4-1.8 km, and 0.4-1.2 km, respectively, away from the crater of Niu Hill. The smaller the distance is to the crater of Niu Hill, the more shattered the seismic volcanic rocks are and the wider the veins are, indicating a higher seismic intensity. This suggests that the crater of Niu Hill was the epicentre of the earthquake(s) at the time and that the hypocentre was situated right under the crater. These seismic volcanic rocks and liquefied-sand veins are records of intense volcanic earthquake events accompanying eruptions through the central vent.
Dating, type and intensity of the earthquakes
Dating and type of the earthquakes
The duration of a seismically active period can be over many millions of years (Qiao et al., 2006) . The layers containing relatively numerous SSDS can record such a palaeo-earthquake episode. Such an episode will commonly include many palaeo-earthquake events (Qiao et al., 2006) . Each of the associations of seismogenic SSDS shown in Figure 3 actually records a palaeo-earthquake episode. As the Middle Miocene palaeo-earthquake record of Linqu (seismites and seismic volcanic rocks) starts in the lower part of the Shanwang Formation and ends in the lower part of the Yaoshan Formation, it represents a geological history of seismic activity of about 4 Ma (14-10 Ma). All seismogenic SSDS identified herein are records of the same palaeo-earthquake stage. This stage of palaeo-earthquake activity of the Linqu Group included four palaeo-earthquake episodes, although only three episodes are recorded in the Niushan area of Linqu on the margin of the basin. These three episodes are attributed to ongoing tectonics or frequent tectonics.
As no record of syn-depositional seismics has been found so far inside the Yishu Fault Zone, the SSDS must have resulted from activity of the boundary faults in the Linqu and Shanwang Basins. The fourth seismic episode should be attributed to volcanics: seismic volcanic rocks are produced by volcanism-induced earthquakes. Based on the isotopic age values of basalt intercalations (Chen & Peng, 1985; Zhang & Liu, 1996; Guo et al., 2007) and stratigraphic levels with seismogenic SSDS, the above authors calculated that the first tectonic seismic episode took place after the Niushanian volcanic event at around 14 Ma; the second took place at around 13 Ma, and was accompanied by minor Shanwangian volcanic eruptions; the third occurred before the Yaoshanian volcanic event of around 12 Ma; and the volcanic seismic episode dates back to the beginning of the Yaoshanian volcanic eruption at around 10 Ma.
Palaeo-earthquake intensity
The earthquakes recorded by load and ball-andpillow structures had a magnitude of at least Ms > 5 on the Richter scale (Qiao & Li, 2008) . According to Rodríguez-Pascua et al. (2000) , liquefied-sand veins represent also a magnitude of Ms > 5. The seismic intensity, as measured by the Chinese standard for seismic intensity (GB/T17742-2008) , is ≥ VI. The seismogenic breccia (Fig. 7) is the same as the fractured gravels that indicate Ms = 8, as described by Rodriguez-Pascua et al. (2000) . Hence, we assume that its intensity was XI. According to the Chinese seismic intensity scale, the seismic intensity represented by hard-rock dislocation is IX, and the intensities reflected by fracturing and shattering of basalt layers are IX and X, respectively. The epicentral intensity (I o ) can be re-calculated to the Richter scale (Ms) following the formula Ms = 0.66 I o + 0.98 (Shi, 2007) . This implies that the seismic magnitude recorded by the basaltic shatter breccia is calculated to be Ms = 7.58; that the magnitude recorded by the longer syn-depositional seismogenic faults (Figs 4B and 5E) is Ms = 7. Therefore, the seismic magnitude reflected by the seismite in the Shanwang Formation should be Ms > 5-7 with an earthquake intensity of ≥ VI-IX. The palaeo-earthquake magnitude recorded by the breccia seismite and the seismic volcanic rocks in the Yaoshan Formation indicates a magnitude of 7.58-8, with intensities of IX-XI.
Tectonic significance
According to Wan (1992) , tectonic stresses in Shandong Province were compressional in S-N direction and stretching nearly E-W during the Neogene Himalaya tectonic cycle stage. Owing to extensional activities of the Yishu Fault Zone and nearby faults, intrusion and volcanic eruptions of basaltic magma derived from the mantle occurred along extensional faults almost at the same time, which resulted in the Linqu Group which mainly consists of basalts. During the more quiet phases between volcanic eruptions, sediments with diatomites and sands were deposited in lacustrine basins. The seismites under study here were formed when later volcanism-or fault-triggered earthquakes affected these still unconsolidated sediments in the volcanic basins.
The seismic volcanic rocks dealt with in the present contribution record the volcanic eruption of about 10 Ma. Because of the master/slave relationship between the Yishu Fault Zone and its neighbouring basins (Wan, 1993; Zhang et al., 2004; Tian et al., 2007) , the seismic events recorded by the various above seismogenic rocks and the volcanic eruptions are all responses to the tectonic extension and basin rifting in the area, and even to the activity of the Yishu Fault Zone in the Himalaya tectonic cycle.
Conclusions
In the Middle Miocene (14-10 Ma), rifting of the Linqu and Shanwang volcanic faulted basins in Linqu, Shandong Province induced, as a result of the tectonic extension of the Yishu Fault Zone and the surrounding area, a series of earthquakes with Richter magnitudes of 5.0-8.0 (M s 5-8). The soft sediments in the lake basin became deformed by the earthquakes, thus becoming seismites with various types of SSDS, including load structures, ball-and-pillow structures, flame structures, pillow beds, boudinage structures, seismogenic slumps, syn-deformational faults (fault grading), liquefied-sand veins, and liquefied-sandy/limy dikes, which are preserved in the Shanwang Formation of the Linqu Group.
Semi-consolidated conglomerates became, under the influence of the seismic shocks, brecciated, forming brittle seismites; these occur at the base of the Yaoshan Formation. The intense earthquakes induced by volcanic eruptions shattered and brecciated the basalt layers in the succession of alternating basalt and sand layers at the base of the Yaoshan Formation, thus forming so-called seismic volcanic rocks (shatter basalts and basaltic seismogenic breccias), which are associated with liquefied-sand veins formed by the sand that became liquefied due to earthquakes and that intruded the cracks in the basalt.
